It is shown that the BRST charge Q for any gauge model with a Lie algebra symmetry may be decomposed as
Introduction.
In the general investigation performed in [1] it was noted that a BRST quantization on an inner product space is equivalent to a generalized Gupta-Bleuler quantization.
Furthermore, it was shown that in this case the BRST charge may always be written in the form Q = δ + δ † [c a , φ or a mixture thereof which actually is possible depends on the explicit form of φ a and the state space at hand.
In the above example as well as in all previous treatments the possibility of a generalized Gupta-Bleuler quantization always restrict the possible form of the gauge model. The gauge generators (constraints) are always required to be possible to write as complex conjugate pairs. In this paper we shall show the existence of another possibility. In fact, it will be shown that any bosonic gauge model with finite number of degrees of freedom leads to a BRST charge which may be written in the form (1.1) where δ has the simple form (1.12) or (1.13) and that the conditions (1.5) are naturally solved by (1.15) or (1.16 ). This will be shown to be possible provided dynamical Lagrange multipliers are introduced. In distinction to the above example it will be shown that φ ′ a and φ ′′ a may easily be made to satisfy a closed algebra so that (1.19) and (1.20) are not necessary to impose. Furthermore we give general simple solutions of (1.15) and (1.16) which reveal an interesting general structure.
(It was the proposal of [4] and the important observations made in the conclusions of [5] which suggested the existence of this construction.)
2 Decompositions of general BRST charges. 
where ψ a are the bosonic gauge generators (constraint) satisfying
where U 
which when combined with (2.2) makes Q nilpotent. Since Q is required to have ghost number one, η a andP a have ghost number one whileη a and P a have ghost number minus one. The ghost number operator is
Since Q is required to be hermitian, ψ a must either be hermitian or contain hermitian conjugate pairs as in the example given in the introduction. Here we choose ψ a as well as all the other variables to be hermitian a choice one always may do.
In a first effort to decompose (2.1) according to (1.1) satisfying (1.2) and ( 1.3) we introduce the following non-hermitian ghosts
which due to (2.3) satisfy (the nonzero part)
In terms of these ghosts Q becomes
Since the ghost number operator (2.4) now may be written as
it is natural to try to define δ by
However, although this definition together with (2.8)
This problem is caused by the terms containing k a c b c c and
We have therefore to get rid of these terms. For this purpose we consider a unitary transformation which only involve the ghosts and the Lagrange multipliers. It turns out that what we need is a transformation ofP a of the following form 
then (2.11) and (2.12) require
where
The primed variables satisfy the same algebra as the original unprimed ones. The inverse transformation is given by (2.13) together with
We insert now the transformation (2.11)-(2.14) into the BRST charge (2.1). We find then (the primes are suppressed in the following)
where G c ab is given by (2.15) and
If we now express Q in terms of non-hermitian ghosts c a and k a defined as in (2.5) and satisfying (2.6) we find which may be simplified to 
The Jacobi identities Since
The conditions (2.23) and (2.29) reduce now the BRST charge (2.20) to the following form
where in turn 
The implied general Gupta-Bleuler quantization.
If we impose the bigrading considered in the introduction then we may solve Q|ph = 0 by
In view of the general result that δ = However, the algebra in (2.35) requires
at least for some a. Although this condition only eliminates solutions with zero inner products, it may be avoided if we change the last conditions in (3.2). We notice then that δ is unaffected if we replace Φ a by Φ a + f c ab c †b k c where f c ab is symmetric in a and b. In particular we may choose 
which also satisfies the closed algebra (3.5).
Solving general Gupta-Bleuler quantization.
Consider the general BRST charge (2.1) in terms of the original ghost variables.
Consider then in particular the BRST invariant operator
It is explicitly
where .4) is hermitian and satisfies the same algebra as ψ a . We notice then that
These expressions may be compared to c a and c †a in terms of the original ghost variables (use (2.16)):
So far nothing is achieved. However, consider now the same transformations of the conjugate momentum to v a . We find
Expressing the right hand side of (4.8) in terms of the new ghost variables by means of (2.11)-(2.14) we find where |φ satisfies
which is trivially solved. Similarly
Hence,
is solved by
where |φ satisfies (4.12). Since e ±A is BRST invariant also |φ must be BRST invariant. In fact, Q|φ = 0 follows from (4.12). Notice that |φ does not belong to an inner product space although |ph must do.
5 Further properties of the general solutions.
We have found that the general Gupta-Bleuler quantization implied by δ|ph = δ † |ph = 0 lead to two different solutions
We must therefore require that these two sets of solutions yield equivalent physical results. Now, there are even more solutions. In fact
is a satisfactory solution for any real α = 0. The reason for this is that the BRST charge Q is invariant under the unitary transformation
where α is a real positive constant. However, δ and ρ are not invariant under (5.3).
Instead we have (ρ = P a v a )
where Consider now the inner product of (5.2). We find
where we have performed a unitary scale transformation of the type (5.3). Since only the ghost number zero part of |φ ′ contribute in the inner product we have
where |φ In such a case they should probably at most be restricted to the group manifold. In the case when the matter variables are quantized with positive metric states we find formally
since when v a is quantized with negative metric states the spectral representation requires imaginary eigenvalues [5] , which means that we obtain
in (5.6). We have also introduced a complete set of states |x in the matter space in (5.10), i.e. dx|x x| = 1. 
which is equivalent to Q|ph = 0 when the bigrading (1.6) is used. However, the solutions could not be made completely explicit since it remains to specify the properties of the Lagrange multipliers which depend on the more detailed structure of the matter states. Each model has therefore to be investigated separately in order to determine these properties exactly. Some examples are given in [8] .
The general decomposition (6.1) found in section 2 and defined up to the scale transformations (5.4) are not the only possible ones. However, other decompositions will involve other matter variables than the gauge generators ψ a which will make δ less attractive and the corresponding solutions not so useful as those found in this paper. Now we have only proved (6.1) for bosonic gauge models with finite number of degrees of freedom. However, we believe that the generalization to graded gauge groups is straight-forward and that most formulas are trivially generalized to this case. Examples of this type are given in [8] . Also theories with second class constraints or anomalous gauge theories should be possible to treat by this method since the bigrading leading to (6.2) were shown to be essential for such models in [3] . However, this application involves additional features since the property (1.3)
is no longer valid. The generalization to gauge theories of higher rank than the first is of course highly nontrivial and to which the present method is not immediately generalizable. (However, one could try transformations of the type (4.5) .) The method is also not trivially generalizable to gauge models with infinite degrees of freedom. However, for strings the oscillator part may be decomposed like in the introduction as was first made by Banks and Peskin [9] . Our method suggests then that if one also introduces dynamical Lagrange multiplier fields also the zero mode part will be possible to decompose as in (6.1) making the complete BRST charge in the form (6.1).
